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(54) Stainless steel for brake disc excellent in resistance to temper softening 



(57) A stainless steel for a brake disc less suscep- 
tible to the deterioration of material properties, especial- 
ly the deterioration of hardness, when heated to a tem- 
perature exceeding 500°C during braking, while main- 
taining abrasion resistance, rusting resistance and 
toughness of a conventional steel; is provided. 

A stainless steel for a brake disc excellent in resist- 
ance to temper softening, characterized in that: said 
steel contains, in terms of wt%, C: 0.01 to 0.1%, N 
0.03% or less, C+N: 0.04 to 0.1%, Si: 1% or less. Mn 
2% or less, Ni: less than 0.5%, Cr: 10 to 15%. and Nb: 
0.02 to 0.5%, with the balance Fe and unavoidable im- 
purities; that the hardness after quenching heat treat- 
ment is in the range of 30 to 40 H RC; and that the temper 
softening temperature for lowering the hardness to be- 
low 30 HRC is al least 530°C. Further, it is desirable to 
add at least one of the following elements: 0.1 to 2% of 
Cu, 0.1 to 1% of Mo ; 0.01 to 0.5% of Ti. 0.01 to 0.5% of 
V or 0.0005 to 0.01 % of B, and to make the value of y P 
calculated from steel chemical composition at least 
70%. 
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Description 

[0001] The present invention relates to a stainless steel, for a brake disc, excellent in resistance to temper softening 
and, more specifically, to a martensitic stainless steel having excellent resistance to softening resulting from heat 
5 generation caused by braking, as well as satisfying the hardness, hardenability and rusting resistance required of a 
material for a brake disc of a two-wheeled vehicle, a snowmobile or the like. 

[0002] A material for a brake disc of a two-wheeled vehicle, etc., is required to have properties such as abrasion 
resistance, rusting resistance and toughness and a J IS SUS41 0 type martensitic stainless steel has been mainly used 
for such applications. Although abrasion resistance is generally improved as hardness is increased, so-called brake 
10 noise is generated, by the contact between brake and pads, when the hardness is too high.. The hardness of a brake 
disc is, therefore, controlled to within a prescribed range. 

[0003] In order to stably control the hardness to within a prescribed range after quenching heat treatment and to 
ensure sufficient toughness and rusting resistance, the chemical compositions of steels with regulated amounts of Mn, 
Cu, etc. : as well as C+N, are disclosed in Japanese Unexamined Patent Publications No. 57-t 98249, No. 59-70748 
15 and No. 1 0-152760 and Japanese Published Patent No. 2-7390. Namely, these represent methods to obtain desired 
hardness after quenching by controlling the contents of C and N . preceded by sufficiently ensuring the austenite phase 
at a high temperature by controlling the contents of Mn and Cu in steel-. Owing to these chemical compositions, it has 
been possible to provide materials for brake discs for two-wheeled vehicles satisfying abrasion resistance, rusting 
resistance and toughness. 

20 [0004] In the meantime, the performance of recent two-wheeled vehicles calls for higher braking force at higher 
speed and it is required that the material properties, especially hardness, of a brake disc do not deteriorate when the 
disc is heated to a temperature exceeding 500°C during braking. Since the above-mentioned steels have a matrix of 
martensitic phase, however, they undergo temper softening when heated to a temperature exceeding 500°C. And thus 
the development of a material for a brake disc satisfying the above requirements has been sought. 

25 [0005] An object of the present invention is to provide a stainless steel for a brake disc less susceptible to deterioration 
of material properties, especially the deterioration of hardness, when heated to a temperature exceeding 500°C during 
braking, while maintaining the abrasion resistance, rusting resistance and toughness of a conventional steel. 
[0006] In order to attain the above-mentioned object, the present inventors investigated and experimentally studied 
chemical compositions and additive elements which do not impair the original properties required of a brake disc and 

30 do not significantly increase the cost. As a result, the present inventors found that the temper softening temperature 
for lowering the hardness to below 30 HRC (Rockwell hardness C scale) can be increased by 30° to 100°C or more 
by restricting the range of chemical composition so as to maintain the hardness after quenching, which relates to the 
abrasion resistance, in the range of 30 to 40 HRC, preferably 32 to 38 HRC and so as not to deteriorate rusting resist- 
ance and toughness, and then by adding an appropriate amount of Nb which suppresses temper softening. 

35 [0007] The present invention was completed based on the above-described knowledge and the gist of the present 
invention is as follows: 

(1) A stainless steel for a brake disc excellent in resistance to temper softening, characterized in that: said steel 
contains, in terms of wt%, 

40 

C:0.01 to 0.1%, 
N: 0.03% or less, 
C+N: 0.04 to 0.1%, 
Si: 1% or less, 
45 Mn: 2% or less, 

Ni: less than 0.5%, 
Cr: 10 lo 15%, and 
Nb: 0.02 to 0.5%, 

50 with the balance Fe and unavoidable impurities; wherein the hardness after quenching heat treatment is in the 

range of 30 to 40 HRC; and the temper softening temperature for lowering the hardness to below 30 HRC is at 
least 530°C. . 

(2) A stainless steelfor a brake disc excellent in resistance to temper softening according to item (1 ), characterized 
by further containing, in terms of wt%, at least one of the following elements: 

55 

Cu: 0.1 to 2%, or 
Mo: 0.1 to 1%. 
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(3) A stainless steel for a brake disc excellent in resistance to temper softening according to item (1 ) or (2), char- 
acterized by further containing, in terms of wt%, at least one of the following elements: 

Ti: 0.01 to 0.5%, 
5 V: 0.01 to 0.5%, or 

B: 0.0005 to 0.01%. 

(4) A stainless steel for a brake disc excellent in resistance to temper softening according to any one of items (1 ) 
to (3), characterized in that the value of y p calculated from the steel chemical composition as expressed below is 

10 at least 70%. 



Y p = 420 x [%C] + 470 x [%N] + 23 x [%Ni] + 9 x 
[%Cu] + 7 x [%Mn] - 1 1 .5 x [%Cr) - 11 .5 x 
[%Si] - 12 x [%Mo] - 47 x [%Nb] - 52 x [%AI] - 
49 x [%Ti] - 23 x [%V] - 500 x [%B] + 1 89 




[0008] Figure 1 is a graph showing the relationship between the tempering temperature and the hardness of the 
steels in which 0.06% and 0.14% of Nb is added, respectively, in comparison with a conventional steel in which Nb is 
not added. 

[0009] The embodiments and the restricting conditions of the present invention will be described in detail. 

25 [0010] C is an indispensable element to obtain a prescribed hardness after quenching and, hence, is added in com- 
bination with N so that the desired hardness level is achieved. However, since its addition beyond 0.1% raises the 
hardness excessively and causes drawbacks such as brake noise and the deterioration of toughness, the upper limit 
is set at 0.1%. On the other hand, when its amount is below 0.01% an excessive amount of N is required for obtaining 
the desired hardness and, for this reason, the lower limit is set at 0.01%. 

30 [0011] N is ; like C, an indispensable element to obtain a prescribed hardness after quenching and, hence, is added 
in combination with C so that the desired hardness level is achieved. However, since its addition beyond 0.03% sig- 
nificantly deteriorates toughness due to the precipitation of fine Nb nitrides during heat generation caused by braking, 
the upper limit is set at 0.03%. 

[0012] Si, which is inevitably included in steel, is effective as a deoxidizing agent. However, its addition beyond 1% 
35 markedly towers toughness after quenching heat treatment and therefore the upper limit is set at 1 %. 

[0013] Mn, which is also inevitably included in steel, is an element effective to secure the austenite phase at a high 
temperature and to ensure hardenability. However, its addition above 2% deteriorates rusting resistance and therefore 
the upper limit is set at 2%. 

■0$j [0014] Ni, which is inevitably included in a small quantity in steel during an industrial smelting process, is an element 
46** effective, like Mn, to secure the austenite phase at a high temperature and to ensure hardenability. However, since its 
addition at 0.5% or more excessively stabilizes the austenite phase, quench hardening takes place even when slow 
cooling is applied after heat treatment making it difficult to realize temper softening during working into a brake disc. 
Therefore, the addition amount is set at less than 0.5%. 

[0015] Cr is one of the fundamental elements necessary for maintaining rusting resistance required of a brake disc 
45 for a two-wheeled vehicle, and if its content is less than 10% the required rusting resistance cannot be obtained. If 
more lhan 15% of Cr is added, on Lhe other hand, the Lemperature range for forming the auslenile phase narrows at 
a high temperature causing the formation of a ferrite phase, which does not transform into a martensite phase in the 
quenching temperature range, and thus the required hardness after quenching cannot be obtained. For that reason, 
the range of the Cr content is set at 1 0 to 1 5%. 
so [001 6] Nb is an important element for suppressing temper softening resulting from heat generation caused by braking 
and thus is an indispensable addition element to achieve the object of the present invention. In order to demonstrate 
the effect, it is necessary to add at least 0.02% of Nb, but an addition exceeding 0.5% results in the deterioration of 
toughness. For that reason, the upper limit is set at 0.5%. 

[001 7] It is considered that the effect of Nb on suppressing temper softening is obtained in the way that Nb suppresses 
55 the recovery phenomenon where the steel matrix softens due to the disappearance by heating of many dislocations 
formed during martensitic transformation and also, by forming fine Nb carbon itrides, suppresses softening due to the 
formation of coarse Cr carbonitrides. 

[0018] Figure 1 shows the relationship between the tempering temperature and the hardness of the steels with the 
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Nb addition of 0.06% and 0.14%, respectively (the steels are designated as D and E in Table 1 of Example 1), in 
comparison with a conventional steel without Nb addition (the steel is designated as U in Table 1 of Example 1). From 
the figure, it is confirmed that Nb addition in a small amount remarkably raises the temper softening temperature. 
[0019] The amount of C+N relates directly to hardness after quenching and, in order to control the hardness to a 

5 prescribed level, it is necessary to keep the amount in the range of 0.04% to 0.1 %. 

[0020] Cu is, like Mn or Ni, an element effective to secure the austenite phase at a high temperature and to ensure 
hardenability, and significant effect is demonstrated with the addition of at least 0.1%. When the addition amount ex- 
ceeds 2%, however, the steel hardens during heating for tempering, resulting in a marked decrease in toughness. For 
this reason, the upper limit is set at 2%. 

io [0021] Mo is, like Cr, an element which improves rusting resistance and further enhances the quality of a brake disc 
since it suppresses a decrease in toughness during tempering. To obtain these effects, it is necessary to add at least 
0.1% of Mo. However, if more than 1% of Mo is added, like Cr, the temperature range for forming the austenite phase 
narrows at a high temperature causing formation of a ferrite phase, which does not transform into a martensite phase 
in a quenching temperature range, and thus the required hardness after quenching cannot be obtained. 

15 [0022] Ti ; V or B do not have so remarkable effect on suppressing temper softening as Nb does. However, when a 
proper quantity is added in combination with Nb. the effect of suppressing temper softening can be enhanced further. 
To demonstrate the effect, it is necessary to add not less than 0.01 % of Ti or V or not less than 0.0005% of B. However, 
if more than 0.5% of TI or V or more than 0.01 % of B is added, toughness deteriorates markedly, and thus these figures 
are determined to be the upper limits for these elements, respectively. 

20 [0023] The range of addition amount of each of the constituent elements and the reason for restricting the range are 
as described above. 

[0024] For stably retaining hardness after quenching within the prescribed range, in addition to the prescription of 
each of the constituent elements, it is necessary to control the balance of the chemical composition which influences 
the austenite range at a high temperature. As an index which determines the austenite range, y p expressed by the 
25 equation shown below is effective. The temperature range for forming the austenite phase at a high temperature can 
be secured by controlling the chemical composition so that y p calculated by the equation is 70 or higher. However, it 
is preferable to maintain the value of y p at 80 or higher for ensuring a sufficient quenching temperature range in industrial 
heat treatment and for stably retaining hardness after quenching within the prescribed range. . 

30 y p = 420 x [%C] + 470 x [%N] + 23 X [%Ni] + 9 x 

[%Cu] + 7 x [%Mn] - 1 1 .5 x [%Cr] - 1 1 .5 x 
35 [%Si] - 1 2 x [%Mo] - 47 x [%Nb] - 52 x [%AI] - 

49 x [%Ti] - 23 x [%V] - 500 x [%B] + 1 89 

[0025] As for other unavoidable impurities, it is desirable to control them within the following ranges: 

40 

It is desirable that the contents of S and O be 0.02% or less since they cause rust by forming sulfides in the case 
of S and oxides in the case of O. 

It is desirable that the content ol P be 0.05% or less since it deteriorates toughness during quenching and heating 
for tempering. 

45 

[0026] Although Al is effective as a deoxidizing agent, if added excessively, it reacts with slag during smelting, re- 
sulting in the increase of CaS type inclusions in steel and causing rust generation. For this reason, it is desirable to 
control the content to 0.03% or less. 

50 Example 1 

[0027] Ingots having the chemical compositions shown in Table 1 were produced and hot rolled to a thickness of 5 
mm. Then, after being heated to 850°C and subjected to heat treatment for softening by slow cooling, steel sheets 
were cut out for a variety of heat treatments. Each sheet was subsequently heated to 950°C by high frequency heating 
55 and was held for 1 0 min., and then was subjected to quenching heat treatment by water-cooling. Test pieces for hard- 
ness measurement, evaluation of rusting resistance and JIS No. 4 sub-size impact test were cut out from some of the 
as-quenched sheets. Other as-quenched sheets were further heated to 400° to 700°C, held for 1 hour and then sub- 
jected to heat treatment by air-cooling. Test pieces for hardness measurement to examine softening properties, eval- 
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uation of rusting resistance and JIS No. 4 sub-size impact test were, likewise, cut out from them. 
[0028] The softening properties were evaluated by the tempering temperature to soften the steel to less than 30 
HRC by measuring hardness with the Rockwell hardness test method (JIS Z 2245). The rusting resistance was eval- 
uated by polishing the surface of the test pieces to a roughness of No. 400 and subjecting them to a 100-hour salt 

5 spray test (JIS Z 2371 ). The toughness was evaluated by the Charpy impact value obtained from the Charpy impact 
test of the test pieces at a temperature of 25°C (JIS Z 2242). The results are shown in Table 2. 
[0029] From Table 2, it can be seen that every steel according to the present invention has a high temper softening 
temperature and the temper softening temperature for retaining the hardness of at least 30 HRC exceeds 530°C for 
every steel. Also, it can be seen that impact values and rusting resistance are excellent. In case of the comparative 

10 steels not containing Nb, the temper softening temperature is as low as around 500°C. Further, the other comparative 
steels with inappropriate addition amounts of Nb or inappropriate other components are not suitable as materials for 
brake discs because of insufficient hardness after quenching, low toughness, etc. 

[0030] The present invention can provide a steel having excellent resistance to temper softening resulting from heat 
generation caused by braking and, further, can provide the hardenability, rusting resistance and toughness required 
15 of a material for a brake disc, and thus is applicable to a brake disc for a two-wheeled vehicle for which a high braking 
capacity is required. 
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Claims 

1. A stainless steel for a brake disc excellent in resistance to temper softening, characterized in that: said steel 
contains, in terms of wt%, 

5 

C: 0.01 to 0.1%, 
N: 0.03% or less, 
C+N: 0.04 to 0.1%, 
Si: 1% or less, 
10 Mn: 2% or less, 

Ni: less than 0.5%, 
Cr: 10 to 15%, and 
Nb: 0.02 to 0.5%, 

15 with the balance Fe and unavoidable impurities; wherein the hardness after quenching heat treatment is in the 

range of 30 to 40 HRC; and the temper softening temperature for lowering the hardness to below 30 HRC is at 
least 530°C. 

2. A stainless steel for a brake disc excellent in resistance to temper softening according to claim 1 , characterized 
20 by further containing, in terms of wt%, at least one of the following elements: 

Cu: 0.1 to 2%, or 
Mo: 0.1 to 1%. 

25 3. A stainless steel for a brake disc excellent in resistance to temper softening according to claim 1 or 2, characterized 
by further containing, in terms of wt%, at least one of the following elements: 

Ti: 0.01 to 0.5%, 
V: 0.01 to 0.5%, or 
30 B: 0.0005 to 0.01%. 

4. A stainless steel for a brake disc excellent in resistance to temper softening according to any one of claims 1 to 
3, characterized in that the value of y p calculated from steel chemical composition as expressed below is at least 
70%. 
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Y p = 420 x [%C] + 470 x [%N] + 23 x [%Ni] + 9 x 
[%Cu] + 7 x [%Mn] - 1 1 .5 x [%Cr] - 1 1 .5 x 
[%Si] - 1 2 x [%Mo] - 47 x [%Nb] - 52 x [%AI] - 
49 x [%Ti] - 23 x [%V] - 500 x [%B] + 1 89 
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